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In sea urchin embryos, the initial animal–vegetal (AV) axis is specified during oogenesis but the mechanism is largely
unknown. By using chemical reagents such as lithium, it is possible to shift the principal embryonic territories toward a
vegetal fate. We have investigated the possibility of obtaining the same morphological effect as with lithium by utilizing
Fabs against the maternal Bep4 protein that is localized in the animal part of Paracentrotus lividus egg and embryos.
Incubation of fertilized eggs with Fabs against Bep4 protein causes exogastrulation at 48 h of development of P. lividus
embryos, similar to embryos treated with lithium. This vegetalizing effect was ascertained by utilizing territorial markers
such as EctoV, EndoI, and Ig8. The effect of Fabs against Bep4 on gene expression was observed by monitoring spatial
expression of the hatching enzyme gene. A decreased expression domain compared to its normal spatial distribution was
detected and this effect was again comparable to those obtained with lithium treatment. Association of Bep4 with a
cadherin was demonstrated by immunoprecipitation and immunostaining experiments, and an involvement in cell
signaling is discussed. In addition, treatment of embryos with anti-Bep4 Fabs causes an enhancement in the level and an
expansion in the pattern of nuclear b-catenin. Moreover, this treatment also provokes a decrease of b-catenin in adherens
junctions. Together, these data indicate that anti-Bep4 Fabs provoke a shift of the animal–vegetal boundary toward the
animal pole and suggest an active role of Bep4 protein in patterning along the AV axis. © 2001 Academic Press
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Axis specification is the first step of pattern formation
and further diversification of pluripotent blastomeres in
generating the embryo. As occurs in several deuterostomes,
in the sea urchin egg, the first axis is indicated by a
cytoplasmic polarity along the animal–vegetal pole that is
established during oogenesis (Horstadius, 1973; Davidson,
1989). This polarity has been demonstrated in classical
experiments in which unfertilized eggs were equatorially
bisected, each half was fertilized, and the development was
observed. Each animal half produced a ciliated ball of
ectoderm, whereas the vegetal one produced a normal, but
smaller, pluteus larva in some cases and abortive embryos
1 To whom correspondence should be addressed. Fax: 1139,091
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All rights of reproduction in any form reserved.n others (Horstadius, 1973). This experiment suggested for
he first time the presence of determinants localized in the
ifferent parts of the egg that played a major role in its
ormal development, but little information has so far been
vailable about these determinants.
At the 60-cell stage, the embryo consists of a series of
orizontal cell tiers which have different capacities of
ifferentiation, and, at the blastula stage, the fate map
efines several presumptive territories whose limits are
erpendicular to the animal–vegetal (AV) axis (Davidson,
989). Specification of the embryonic territories is thought
o occur along this axis by a signal transduction cascade
nitiated by the vegetal pole. It is postulated that the
icromeres inherit vegetally localized determinants that
llow these cells to be autonomously specified as vegetal
rganizing centers (Davidson, 1989). Thus, territorial speci-
cation is thought to occur through a combination of
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micromeres and cell–cell signaling that initially emanate
from them.
Although the molecular basis for axial patterning in sea
urchin embryos is not well understood, classical embryolo-
gists identified chemicals that affected axial patterning
along the animal–vegetal axis. Animalizing agents, such as
zinc, cause embryos to develop into hyperciliated blastulae
which resemble those derived from isolated animal hemi-
spheres (Czihak, 1975). Vegetalizing agents like lithium
produce exogastrulated larvae in which endoderm and de-
rivatives, which normally arise from vegetal lineages, are
greatly expanded and the ectodermal territory is reduced
(Horstadius, 1973; Nocente-McGrath et al., 1991). More-
over, lithium has been shown to interfere with the devel-
opment of many diverse organisms, including Xenopus,
Dictyostelium, Hydra, and zebrafish (Kao et al., 1986;
Peters et al., 1989; Hassel et al., 1993; Stachel et al., 1993).
It has been demonstrated that lithium is an inhibitor of
inositol phosphate monophosphatases and blocks the IP
FIG. 1. P. lividus embryos are sensitive to Fabs against Bep4 prote
presence of 20 mg/0.1 ml (B) and 40 mg/0.1 ml (C) anti-Bep4 Fabs
cultured for 48 h to the pluteus stage (A). (B–E) Representative emb
poles are indicated.cycle, which may affect IP signaling by depleting the pool of w
Copyright © 2001 by Academic Press. All rightinositol (Hallcher and Sherman, 1980; Berridge et al., 1989).
Recent reports have demonstrated that, in some species,
lithium activates the Wnt pathway, a pathway which
appears to be well conserved from invertebrate to vertebrate
(Sidow, 1992; Siegfried et al., 1994; Pierce and Kimel-
man,1995; Fagotto et al., 1997). It antagonizes the inhibitor
effect of the serine/threonine protein kinase, glycogen syn-
thase kinase 3b (GSK-3b), which is a negative regulator of
b-catenin stability (Klein and Melton, 1996). b-catenin is a
multifunctional protein implicated both in cell adhesion
and in the Wnt signaling cascade, and several pieces of
evidence indicate b-catenin to be a key component in axis
patterning in both invertebrates and vertebrates (Moon et
al., 1997; Miller and Moon, 1996). Overexpression of a
stabilized b-catenin (Wikramanayake et al., 1998), or inac-
tive GSK3b (Emily-Fenouil et al., 1998), results in a veg-
talized sea urchin embryo resembling that obtained with
ithium treatment.
However, the effect of a chemical agent like lithium on
ea urchin morphogenesis is probably mimicked by agents
ring morphogenesis. Morphology of 48-h embryos cultured in the
the presence of 30 mM (D) or 50 mM (E) LiCl. Control embryos
from a range of similar phenotypes. Animal (an) and vegetal (veg)in du
or in
ryoshich block maternal determinants. Bep proteins are cell
s of reproduction in any form reserved.
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109P. lividus AV Axis Patterningsurface proteins involved in cell–cell interaction and in
morphogenetic events in Paracentrotus lividus embryo and
were among the earliest maternal molecules identified
along the AV axis (Romancino et al., 1992; Di Carlo et al.,
1994, 1996; Romancino et al., 1998a). Fabs against Bep1 and
Bep 4 proteins, indeed, added to dissociated embryos cause
inhibition of reaggregation, whereas those added at two-cell
stage cause exogastrulation (Romancino et al., 1992; Di
arlo et al., 1996). Moreover, Bep proteins share sequence
omologies with other sea urchin proteins such as HLC-32,
protein of the hyaline layer and basal lamina in Strongy-
ocentrotus purpuratus (Brennan and Robinson, 1994), EBP
EGIP-D binding protein), a protein able to bind EGIP
exogastrula-inducing peptide), the latter being a protein
hat contains an EGF-like motif in Anthocidaris crassipina
Hirate et al., 1999; Suyemitsu, 1991). Moreover, all these
roteins, as described by Hirate et al. (1999), share some
omologies with vertebrate osteoblast secretory proteins
SF-2 (Takeshita et al., 1993), as well as with the insect
euronal cell adhesion protein fasciclin I (Zinn et al., 1988).
Both Bep proteins and messenger RNAs are localized in the
animal half of the egg and are asymmetrically distributed,
being concentrated in the territories derived from the ani-
mal part of the embryo during development (Di Carlo et al.,
1994; Montana et al., 1996; Romancino et al., 1998b;
Romancino and Di Carlo, 1999). Localization of both Bep
messengers and proteins involves cytoskeleton elements,
and association between messengers and cytoskeleton oc-
curs through cis- and trans-acting factors (Romancino et al.,
1998b; Montana et al., 1998; Costa et al., 1999). Here, we
investigate the possibility that Bep protein localization is
relevant to the determination of animal–vegetal patterning,
and we examine its possible involvement in a lithium-like
TABLE 1
Fabs Anti-Bep4 Inhibit Gastrulation
Morphology Controlb Fabs anti-Bep4c
Normal plutei 95 16
xogastrulae 0 71.5
ccluded blastulae 0 8.5
orula-like 0 0
ead 5 4
a P. lividus embryos were cultured for 48 h in the presence of an
experiments.
b Controls included untreated embryos and embryos treated wit
c P. lividus embryos cultured for 48 h in the presence of 20 mg/0
d P. lividus embryos cultured for 48 h in the presence of 50 mg/0
e P. lividus embryos cultured for 48 h in the presence of 60 mg/0
f P. lividus embryos cultured for 48 h in the presence of 30 mM
g P. lividus embryos cultured for 48 h in the presence of 50 mMpathway.
Copyright © 2001 by Academic Press. All rightMATERIALS AND METHODS
Morphogenetic Assay
The effect of Fabs against Bep4 (Romancino et al., 1992) or LiCl,
or Fabs from preimmune serum (as a control), on morphogenesis
was tested in 96-well microtiter plates that had been coated with
1% bovine albumin for 5 min and then rinsed in water. The total
volumes were always 0.1 ml. Eggs demembranated by fertilization
in PABA (approximately 100) were added to sea water (control) or to
sea water containing monovalent Fab fragments against Bep4 at
doses varying from about 5 to 60 mg/0.1 ml/sample, or to sea water
containing 30 or 50 mM LiCl or to sea water containing Fabs from
preimmune serum at the concentration of 40 mg/0.1 ml/sample. For
each kind of sample, six wells were prepared. The effect on
morphogenesis was observed 24 and 48 h later by microscopical
inspection, and the embryos were photographed at 48 h. The
experiment was repeated three times with different batches. To
detect the effect on hatching enzyme (HE) gene expression, the
same assay was carried out utilizing 20 mg/0.1 ml/sample of Fabs or
0 mM LiCl and allowing the embryos to develop for 8 h.
Whole-Mount Immunohistochemistry
P. lividus embryos treated with the lower concentrations of
anti-Bep4 Fabs or LiCl described above were collected after 4.5 (for
b-catenin immunoreaction), 8 (for HE immunoreaction), or 48 h
(for EctoV, Endo I, Ig8 immunoreaction) of development. The
samples were washed three times with sea water and thereafter
fixed in 2% glutaraldehyde. Immunohistochemistry was carried
out according to Romancino et al. (1998b). For the immunoreac-
tion, the primary antibodies anti-EctoV, or anti-Endo1, anti-Ig8 (gift
from D. McClay) diluted 1:25, anti-HE (gift from C. Gache) diluted
1:4000, antiFRII/88 (gift from G. Ghersi) diluted 1:400, or anti
b-catenin (gift from D. McClay) diluted 1:1000 were incubated
overnight at 4°C. When we utilized anti-EctoV, anti-EndoI, and
anti-IG8, the secondary antibody anti-mouse AP-conjugate (1:200)
Treatments (%)a
anti-Bep4d Fabs anti-Bep4e LiClf LiClg
0 0 20.5 0
24.5 0 74.5 10
68.5 0 0 85
0 100 0 0
7 0 5 5
p4 Fabs and of 30 mM or 50 mM LiCl. The results are from three
s from preimmune serum.
l anti-Bep4 Fabs.
l anti-Bep4 Fabs.
l anti-Bep4 Fabs.
.
l.Fabs
ti-Be
h Fab
.1 m
.1 m
.1 m
LiClwas incubated for 1 h at room temperature. When we utilized
s of reproduction in any form reserved.
110 Romancino et al.FIG. 2. Vegetalization of sea urchin embryos by treatment with Fabs against Bep4 or LiCl examined by whole-mount immunohisto-
chemistry with tissue lineage markers. Control embryos at 48 h of development incubated with anti-EcoV, anti-Ig8, and anti-EndoI. P.
lividus embryos cultured with Fabs against Bep4 for 48 h and incubated with anti-EctoV, anti-Ig8, and anti-Endo I. P. lividus embryos
cultured with LiCl for 48 h and incubated with anti-EctoV, anti-Ig8, and anti-EndoI.
FIG. 3. Expression of the HE gene at 8 h of development of nontreated or treated P. lividus embryos. Whole-mount immunohistochem-
istry of embryos treated with anti-Bep4 Fabs (B) or LiCl (C) or nontreated as a control (A) and incubated with anti-HE.
Copyright © 2001 by Academic Press. All rights of reproduction in any form reserved.
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111P. lividus AV Axis Patterninganti-HE or anti-b-catenin, the secondary antibody, anti-rabbit AP-
conjugate (1:7500) or anti-guinea pig AP conjugate (1:7500), we
incubated the samples for 1 h at room temperature. They were then
stained in AP buffer (100 mM NaCl, 100 mM Tris—HCl, pH 9.5, 50
mM MgCl2, 1 mM levamisole, 0.1% Tween 20) with BCIP and NBT
Roche) according to the manufacturer’s instructions. The embryos
ere washed in 100% methanol for 30 min to shift the color from
urple to blue. Finally, the eggs and embryos were resuspended in
0% glycerol in PBS and examined by microscopical inspection and
hotographic recording. When we utilized anti-FRII/88 or anti-
ep4 for immunofluorescence, anti-rabbit FITC-conjugate (1:200)
as utilized as secondary antibody; instead, when we utilized
nti-b-catenin for immunofluorescence, anti-guinea pig FITC-
conjugate (1:200) was utilized as secondary antibody; in both cases,
epifluorescence was examined by microscopical inspection on
Leica DMIL inverted microscope and photographic recording.
Immunoprecipitation and Western Blotting
Protein A-Sepharose CL 4B beads (Sigma) were used after incu-
bation in Solubilizing buffer (50 mM Tris—HCl, pH 8.0, 150 mM
NaCl, 1% NP40, 2 mM PMSF, 10 mg/ml protease inhibitor) at 4°C
for 3 h followed by three washes in Solubilizing buffer. Total
proteins were prepared by sonication for 90 s, pulsed in Solubilizing
buffer, eggs and different embryonal stages in ice. The lysates were
centrifuged at 15,000g for 30 min at 4°C, and the supernatants were
used for immunoprecipitation. To 100 mg of each sample, 5 ml of
preimmune serum was added in a total volume of 1 ml. The
mixture was incubated at 4°C for 3 h followed by the addition of 35
ml of protein A-Sepharose CL 4B. The mixture was centrifuged at
12,000 rpm for 1 min in a microfuge and washed three times with
Solubilizing buffer. The supernatants were transferred into Eppen-
dorf tubes and 5 ml of anti-Bep4 or anti FR-II/88 (anti-cadherin of
140 kDa) (gift of G. Ghersi) was added. The samples were incubated
FIG. 4. Immunoprecipitation of Bep4 with proteins extracted
from egg and various stages. Total proteins from: (1) fertilized eggs,
(2) 2/4 cell stage, (3)16/32 cell stage, (4) morula, (5) blastula, (6)
gastrula, (7) prism, (8) pluteus immunoprecipitated with anti-Bep4.
C: Control, total protein from fertilized eggs immunoprecipitated
with antibodies from preimmune serum. An arrow indicates the six
polypeptides of about 180, 140, 96, 75, 38, and 33 kDa recognized
by the antibody. Molecular markers and the H chain of IgG are
indicated on the right.for 1 h at 4°C followed by addition of 35 ml of protein A-Sepharose
Copyright © 2001 by Academic Press. All rightL 4B and incubation for 16 h at 4°C. The beads were collected and
ashed three times in TBST (10 mM Tris—HCl, pH 8.0, 500 mM
aCl, 0.1% Tween 20) and once in 10 mM Tris—HCl, pH 8.0.
For analysis on 7.5% SDS—PAGE, an aliquot of each sample was
esuspended in electrophoresis sample buffer (0.5 M Tris, pH 6.8,
0% glycerol, 2% SDS, and 5% b-mercaptoethanol). For detection
with FR-II/88 (Bep4 immunoprecipitates) or anti-Bep4 (FRII88
immunoprecipitates) antibodies, the samples electrophoretically
separated in 7.5 or 15% SDS–PAGE were transferred to nitrocellu-
lose for Western blotting. The Western blot was blocked in 3% BSA
in TBST and incubated with primary antibodies (1:1000) at room
temperature. Primary antibody was detected by chemilumines-
cence according to the instructions accompanying the ECL kit
from Amersham using secondary antibodies (1:1000) conjugated to
horseradish peroxidase.
RESULTS
Vegetalization of P. lividus Embryo by Incubation
with Anti-Bep4 Fabs
Bep proteins are localized in the animal part of the P.
lividus egg and embryos and are probably relevant to the
development of this part (Romancino et al., 1998a). In our
previous paper, we observed that, by adding anti-Bep Fabs at
two-cell stage, after 48 h of development, the normal
embryo morphology was altered and exogastrulae were
produced (Di Carlo et al., 1996). Thus, by blocking the
function of these proteins, it was possible to obtain the
same effect of vegetalizing agents. This block is specific for
these proteins because anti-Bep1 and anti-Bep4 were pro-
duced, in both the cases, against a fusion protein obtained
by a specific fragment of the corresponding cDNA clones
(Romancino et al., 1992). Moreover, by Western blot of a
two-dimensional electrophoresis, incubated with anti-Bep1
or anti-Bep4, only a specific band is detectable (unpublished
observations). Here, we decided to extend this observation,
investigating, in particular for Bep4, whether this effect is
concentration-dependent, such as LiCl treatment (Nocente-
McGrath et al., 1991). Demembranated fertilized eggs were
cultured in sea water (control) or in sea water plus Fabs
anti-Bep4 at different concentrations or plus Fabs from
preimmune serum and allowed to develop up to 48 h.
Another batch of eggs at about 30 min after fertilization was
incubated with different concentrations of LiCl to compare
the morphological effect. Anti-Bep4 Fabs were employed at
doses varying from about 5 to 60 mg/sample, whereas LiCl
was employed at concentrations of 30 mM and 50 mM.
Doses of anti-Bep4 Fabs below 10 mg/sample had no visible
ffect on embryo morphology. At about 20 mg/sample,
embryos incubated with anti-Bep4 Fabs displayed a range of
phenotypes, one of which is represented in Fig. 1B, similar
to that obtained with the lower LiCl concentration (Fig.
1D). However, the different phenotypes showed the classi-
cal features of the vegetalized embryo. The digestive tract
was greatly enlarged and was formed by exogastrulation,
exhibiting overexpression of the endoderm at the expense of
the ectoderm. Spicules were reduced or absent in most
s of reproduction in any form reserved.
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112 Romancino et al.cases. At about 40 mg/sample, embryos incubated with
nti-Bep4 Fabs (Fig. 1C) displayed a more homogeneous and
xtreme phenotype similar to that obtained with the higher
iCl concentration (Fig. 1E). The morphology of these
mbryos consisted of a blastula-like stage with thin epithe-
ium and filled with cells within the central cavity (oc-
luded blastula). Spicules were totally absent. When we
tilized 60 mg/sample of anti-Bep4 Fabs, the embryos were
locked at a morula-like stage (data not shown). No effect
n embryo development was detectable when Fabs from
reimmune serum were employed (data not shown). All
ata are summarized in Table 1. These results obtained by
omparison of the morphological effects of anti-Bep4 Fabs
nd lithium at different concentrations suggest that anti-
ep4 Fabs mimics lithium inhibition.
FIG. 5. Western blot of protein immunoprecipitates. (A) Total
proteins from: (1) fertilized eggs, (2) 2/4 cell stage, (3) 16/32 cell
stage, (4) morula, (5) blastula, (6) gastrula, (7) prism, and (8) pluteus
immunoprecipitates with anti-Bep4 or (C) fertilized eggs immuno-
precipitates with preimmune serum were separated on 7.5% SDS–
PAGE, transferred onto nitrocellulose, and incubated with FR-II/
88. The band of 140 kDa corresponding to cadherin is indicated by
the arrow on the right. Molecular markers and the high chain of
IgG are indicated on the right. (B) Total proteins from fertilized eggs
immunoprecipitated with FR-II/88 (1) or with preimmune serum
(C), separated on 15% SDS–PAGE transferred onto nitrocellulose
and incubated with anti-Bep4. The band of 33 kDa corresponding to
Bep4 is indicated by the arrow on the right. Molecular markers and
the heavy and light chains of IgG are indicated on the right.
FIG. 6. Bep4 and cadherin colocalize in adherens junctions. Whol
stained with anti-Bep4 (A, C) or with FR-II/88 (B, D). Animal and
FIG. 7. Accumulation of b-catenin in nuclei of vegetal cells after
leavage in the presence of anti-Bep4 Fabs display ectopic accumul
developed in the presence of LiCl (F, G) and in contrast to the patt
cells (A). A schematic representation of the seventh cleavage is
vegetative 1 (veg1), and vegetative 2 (veg2) tiers of cells are indicated b
Copyright © 2001 by Academic Press. All rightAlteration of Tissue-Specific Marker Expression by
Incubation with Anti-Bep4 Fabs
In order to ascertain the degree of vegetalization obtained
by incubation of embryos with anti-Bep4 Fabs, we exam-
ined these embryos with lineage-specific markers and com-
pared their patterns of expression to those observed in
LiCl-treated and control embryos of the same stage. Both
anti-Bep4 Fabs and LiCl were utilized at the lower concen-
tration described above. We used EctoV as an ectodermal
marker (Ettenshon and McClay, 1988), Endo1 as an
endodermal marker (Wessel and McClay, 1985), and Ig8 as a
primary mesenchyme cell (mesodermal) marker (McClay et
al., 1983). The embryos examined at 48 h are shown in Fig.
2. Control embryos express EctoV in the foregut and in the
oral ectoderm, which include the stomodeum of the pluteus
larvae. Embryos at the same stage incubated with anti-Bep4
Fabs or lithium express this marker in only a few cells of
the embryo, indicating reduced ectodermal differentiation.
Control embryos express the endodermal marker Endo 1 in
the midgut and hindgut of the pluteus stage, whereas the
treated embryos abundantly express this marker in the
expanded endoderm. When we utilized Ig8 as a marker
control, embryos showed staining in a few skeletogenic
cells derived from PMC; by contrast, embryos treated with
anti-Bep4 Fabs or lithium contain cells expressing Ig8 in a
ring of cells in a more animal position. The reduced EctoV,
the increased Endo1, and the disorganized Ig8-labeled cells
support our morphological observation on living embryos
and indicate that incubation with anti-Bep4 Fabs leads to a
vegetalized phenotype.
Fabs Anti-Bep4 Alter HE Expression
HE is a zygotic gene transiently expressed during cleavage
(Lepage and Gache, 1990). It is localized in the animal part
corresponding to the presumptive ectoderm, of the embryos
in which it is expressed (Lepage et al., 1992). When P.
ividus embryos are treated with lithium, the area of
xpression of HE is more restricted (Ghiglione et al., 1993)
and comparable results are obtained when dominant nega-
tive GSK3b is injected (Emily-Fenouil et al., 1998). We
investigated the possibility that anti-Bep4 Fabs may cause
the same effect on the spatial distribution of HE. Fertilized
eggs were incubated as described above with anti-Bep4 Fabs
or lithium and allowed to develop for 8 h, i.e., until the
prehatching blastula stage, and utilized for HE immunolo-
unt immunofluorescence of embryos at the seventh cleavage stage
al views are indicated.
tment with anti-Bep4 Fabs. Embryos developed until the seventh
of b-catenin in nuclei of vg1 cells (C, D) as occurs when they are
bserved in control embryos which lack nuclear b-catenin in veg1
n in (B, E, H). Small micromeres (s.m.), large micromeres (l.m.),e-mo
veget
trea
ation
ern o
show
y the lines.
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114 Romancino et al.calization. At this stage, both normal and treated blastulae
have the same morphology. As shown in Fig. 4, the blastu-
FIG. 8. Changes in Bep4 and b2catenin distribution after anti-Bep4
abs treatment. Whole-mount immunofluorescence of embryos at
he seventh cleavage stage showing the localization of Bep4 without
A) and after (C, E) treatment with anti-Bep4 Fabs and of b-catenin
without (B) and after treatment with anti-Bep4 Fabs (D, F) in the
adherens junctions. (E, F) A magnified part of (C) and (D), respectively.
The lines indicate the positions of the animal (an) and vegetal (veg) poles
respect to the orientation of the embryo. The arrows indicate the changed
distribution of Bep4 and b2catenin in the adherens junctions.lae are partially labeled, but the size of the territory in
Copyright © 2001 by Academic Press. All righthich the HE is detected is reduced along the AV axis (Fig.
B) compared with the control (Fig. 3A) and is comparable
o that incubated with lithium (Fig. 3C). Thus, the bound-
ry of the HE expression domain, which is perpendicular to
he AV axis, is shifted toward the animal pole. Moreover,
ome embryos in the same experiment were incubated with
abs and others with lithium and were allowed to develop
or 48 h to check the formation of exogastrulae (data not
hown).
Bep4 Can Be Associated with a Cadherin
Cadherins, a family of cell surface molecules, constitute
the main molecular mediator of cell adhesion in vertebrates
(Takeichi, 1995). Cadherins are complexed to b-catenin, a
multifunctional protein required for both intracellular ad-
hesion and signal transduction pathway. Thus, when
b-catenin is free in the cytoplasm, it may be translocated to
the nucleus and modulate gene expression. In order to
investigate the possibility that Bep4 is associated with
other cell surface proteins and that in some way it might be
involved in cell signaling, as suggested by the experiment
reported above, we extracted proteins from lysates of fertil-
ized eggs, at the 2/4 cell, 16/32 cell stage, morula, blastula,
gastrula, prism, and pluteus stages. These lysates were
incubated with anti-Bep4 polyclonal antibodies or with
preimmune serum (fertilized eggs) as a control and the
immunoprecipitates were resolved on 7.5% SDS–PAGE gel.
Figure 4 shows that six major components at about 180,
140, 96, 75, 38, and 33 kDa are detected. A corresponding
Western blot was incubated with polyclonal antibodies
obtained against a tryptic fragment of P. lividus cadherin of
140 kDa, called FR-II/88, (Ghersi et al., 1993), whose
presence was also identified in another sea urchin species
(Miller and McClay, 1997). Figure 5A indicates the presence
of a band at the molecular weight corresponding to the
cadherin detectable by the antibodies, absent in the control,
indicating the ability of Bep4 to bind a cadherin. Moreover,
to ascertain the specificity of this reaction, we immunopre-
cipitated a lysate of eggs with FR-II/88 antibodies or with
preimmune serum as a control, and, after separation on
15% SDS—PAGE gel, the Western blot was incubated with
anti-Bep4. As shown in Fig. 5B, a band of 33 kDa is
detectable only in the immunoprecipitate with FR-II/88.
The Subcellular Localization of Bep 4 Coincides
with Cadherin
After fertilization, cadherins are localized at the site of
cell–cell adhesion and later are present in apical adherens
junctions. To examine whether Bep4 protein is present in
the same position as cadherins in the cells, we performed
whole-mount immunofluorescence of embryos at the sev-
enth cleavage stage utilizing anti-Bep4 and anti-cadherin
(FR-II/88) antibodies.
In the animal hemisphere, staining of Bep4 (Fig. 6A)
coincides with that of cadherin (Fig. 6B) in the adhesive
s of reproduction in any form reserved.
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these two proteins. In the vegetal hemisphere, Bep4 is,
instead, absent and in the cytoplasm and strongly decrease
in the adherens junctions of small and large micromeres
(Fig. 6C), according to observations of Romancino et al.
(1998) . Cadherin is, instead, always present in the adherens
junctions of the entire embryo (Fig. 6D). These data, taken
together with the immunoprecipitation shown above, give
other evidence of the interaction between Bep4 and cad-
herin in the cells in which are both present.
The Pattern of Nuclear b-Catenin Change in
Responsive to Fab Treatment
b2catenin is a protein that plays a role in patterning the
animal–vegetal axis. At the seventh cleavage, an asymme-
try is detectable in the level of b-catenin. In particular, large
FIG. 9. A model of Bep4 and anti-Bep4 Fabs action in sea urchin e
interact with b2catenin (b) and a-catenin (a) in the cytoplasm of th
abs (Fab), the formation of Bep4–cadherin and cadherin–cadherin
dherens junctions an accumulation of free b-catenin in the cytosolnd small micromeres retain a high level of nuclear and c
Copyright © 2001 by Academic Press. All rightytoplasmic b-catenin, vg2 cells retain a high level of
uclear b-catenin, while staining in vg1 cells is faint or not
detectable (Logan et al., 1999).
We tested whether changes in the pattern of b2catenin
occur due to perturbation with Fab anti-Bep4 as occurs with
lithium treatment (Logan et al., 1999). Embryos were veg-
etalized by exposure to Fab or 30 mM LiCl through the
seventh cleavage, and the resulting pattern of nuclear
b-catenin was compared to that of untreated embryos. In
control embryos (Fig. 7A), we found a high level of nuclear
b-catenin in derivate of micromere cells, a moderate level
in veg2, but an extremely low level in nuclei of vg1 cells. By
contrast, Fabs treatment causes an increase in the nuclear
b-catenin level in veg2 cells and the ectopic presence of
nuclear and cytoplasmic b-catenin in veg1 cells (Fig. 7D).
his effect is comparable to that obtainable with LiCl
reatment (Fig. 7G). The ectopic expression of b-catenin in
o. (A) On the membrane, Bep4 associates with cadherin (Cad) that
and regulate the level of free b-catenin. (B) In presence of anti-Bep4
iation might be prevented, this might provoke disassembly of the
an increase of its translocation to the nucleus. MF, microfilaments.mbry
e cell
assocells that specify for endoderm and also for ectoderm
s of reproduction in any form reserved.
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116 Romancino et al.suggest that this might be the cause of vegetalization due to
anti-Bep4 Fabs treatment.
Anti-Bep4 Fabs Treatment Provokes Loss of Bep4
and b-Catenin from the Adherens Junction
Embryos stained with antibody against b-catenin present
the typical adherens junctions pattern in all the cells as well
as the nuclear pattern in the vegetal hemisphere (Fig. 8B)
(Miller and McClay, 1997; Logan et al., 1999). As described
above, Bep4 at the seventh cleavage stage colocalize with
cadherin in the adherens junctions of all the cells except of
the small and large micromeres (Fig. 8A). Moreover, in Figs.
8A and 8B, an intriguing observation is detectable. The low
presence of Bep4 in the adherens junctions of the most
vegetal region coincides with the high level of b-catenin
nto the nuclei of the same part, suggesting that a relation-
hip might exist. Moreover, if Bep4 associated to cadherin is
nvolved in b-catenin intracellular distribution, anti-Bep4
treatment would drive b-catenin away from the adherens
junctions and probably the same effect could be visible for
Bep4. To test this hypothesis, fertilized eggs were incubated
with anti-Bep4 Fabs, allowed to develop until the seventh
cleavage stage, and utilized for analyzing, by immunofluo-
rescence microscopy, if a change in the distribution of Bep4
and b-catenin in the adherens junctions has occurred.
Immunostaining shown in Fig. 8C indicates that Bep4 is
more abundant in the cytoplasm and is diminished from the
adherens junctions as better shown by the discontinuous
staining in Fig. 8E. Moreover, Bep4 appear to fall into
plaques at the base of the cells, and we cannot exclude that
the utilized Fabs dose has not destroyed all its cellular
interactions. Similarly, b-catenin shows a punctate staining
in adherens junctions (Figs. 8D and 8F) in contrast to the
straight line shown in the control (Fig. B). Moreover, an
increase of b-catenin in the cytoplasm is also visible (Fig.
8D). These data indicate that a decrease in these proteins
from the adherens junctions in respect to the controls (Figs.
8A and 8C) has occurred and suggest that Bep4 plays a role
in regulating b-catenin intracellular distribution.
DISCUSSION
Sea urchin development begins with a maternal cell
autonomous program independent of cell–cell interaction
and continues with a combination of maternally localized
factors and an inductive interaction program initiated by
signaling from the micromeres at the 16-cell stage (David-
son, 1986). Whereas a large number of available tools, such
as zygotic genes and proteins, have permitted us to begin to
establish the molecular mechanism starting from the 16-
cell stage, little information is available about the molecu-
lar mechanism between fertilization and the 16-cell stage.
It is possible that spatially organized information regulates
very early developmental decisions. It is known that
lithium interferes with signal transduction pathways in
Copyright © 2001 by Academic Press. All righteveral systems. In the sea urchin, the window of sensitiv-
ty to lithium is before the 60-cell stage (Horstadius, 1973)
nd its effect probably predominates over the maternal cell
utonomous mechanism. By using Fab fragments against
he maternal cell surface protein Bep4 (Romancino et al.,
992) localized at the animal pole of the egg and embryos
Romancino et al., 1998a), we obtained a morphological
ffect comparable to that of lithium treatment. Both
ithium and Fabs against Bep4 protein perturb the normal
evelopment of the sea urchin along the AV axis, producing
xogastrulae. This was confirmed by immunohistochemis-
ry with territory markers that displayed an expanded
ndoderm territory at the expense of ectoderm. Comparable
orphological results for Fabs and lithium were also ob-
ained when higher concentrations were employed, indicat-
ng that they both act in a dose-dependent manner. These
esults suggest that cell fate and probably gene expression
long the AV axis are sensitive to the Bep4 activity level.
he morphological alteration caused by manipulation of
ep4 levels essentially reflects an imbalance between the
wo major tissues, ectoderm and endoderm, and thus a
hange in the boundary between the presumptive ectoderm
nd endoderm territories along the AV axis.
Bep4 seems to be one of the maternal components in-
olved in the control of the expression of a very early gene,
E. The latter is normally expressed in an area correspond-
ng to a presumptive ectoderm (Lepage et al., 1992). When
mbryos are treated with lithium (Ghiglione et al., 1996) or
ith Fabs against Bep4, its expression is spatially restricted.
t has been demonstrated that control of gene expression of
E is cell autonomous, so that the same level of transcrip-
ion is detectable in dissociated blastomeres or in experi-
ents in which micromeres are implanted at various posi-
ions (Ghiglione et al., 1993, 1996). These data indicate that
E expression is dependent on a maternal prepattern in
hich the Bep4 protein seems to be involved. Moreover, a
estricted expression of HE was also found when a domi-
ant negative GSK3b was injected into P. lividus egg
Emily-Fenouil et al., 1998). GSK3b is a component of the
nt pathway and lithium is an antagonist of GSK3b,
timulating the b-catenin pathway, which is thought to
mediate cell fate specification through its direct association
with TCF/Lef transcription factors (Vonica et al., 1999).
Thus, lithium can be considered to have the capacity to
activate the Wnt pathway. Treatment of embryos with
lithium, inhibiting GSK3b, expands the domain of nuclear
b-catenin into the presumptive ectoderm territory and the
embryos are vegetalized (Logan et al., 1999). It has been
demonstrated that, in vegetalized embryos, an increased
level of b2catenin down-regulates the factors of the
ectoderm-specific genes (Logan et al., 1999). Utilizing
dnTCF/Lef, it is possible to reverse the vegetalizing effect of
lithium, consistent with the idea that most or all lithium
effects are mediated through TCF/Lef activity (Vonica et
al., 1999). The experiment shown here reveals that Fabs
against Bep4 mimic both the morphology of lithium and its
effect on gene expression in sea urchin embryos and sug-
s of reproduction in any form reserved.
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117P. lividus AV Axis Patterninggests that, similar to lithium, they perturb the Wnt/b-
catenin signaling pathway.
Angerer and Angerer (2000) proposed a model in which
gene activity of animal preectoderm is regulated by the
animalizing transcription factors (ATF) that are present in
macro-mesomeres, but are below the functional level in
micromeres. These ATF are involved in activation of the
so-called VEB (very early blastula) genes (Reynolds et al.,
1992), which are accumulated in meso-macromeres but are
not detectable in micromeres. In the absence of nuclear
b-catenin, the ATF are involved in preectoderm specifica-
tion. Successively, ectoderm requires vegetal signals,
stimulated by b2catenin, to differentiate into oral–aboral
tructures (Livingston and Wilt, 1990a,b; Wikramanayake
nd Klein, 1997). Thus, a perfect equilibrium of factors
resent in both animal and vegetal parts is important in
egulating blastomere fate along the AV axis. Localization
f Bep4 in the animal part of the egg and embryos together
ith the lithium-like effect of its Fabs make this protein a
ossible upstream component of the ATF pathway.
By means of immunoprecipitation, we detected the abil-
ty of Bep4 to associate with cadherin, a molecule that is
ssociated with b-catenin, and, by immunohistochemistry,
we determined that both cadherin and Bep4 protein are
localized in the cell–cell junctions. The importance of
cadherin on specification along the animal–vegetal axis in
sea urchin embryos has been demonstrated by experiments
in which overexpression of DLvG-cadherin inhibits
endoderm and mesoderm formation (Logan et al., 1999).
Similarly, injection of a Xenopus C-cadherin construct in
sea urchin produces animalized embryos (Wikramanayake
et al., 1998). Moreover, we investigated the localization of
b-catenin in nuclei in cells at the seventh cleavage of
embryos treated with Fabs against Bep4. As in the case of
lithium treatment, we found enhancement and expansion
of nuclear b-catenin accumulation in vegetal cells. In par-
ticular, anti-Bep4 Fabs treatment causes an increase in the
level of nuclear b-catenin in vg2 cells and ectopic accumu-
ation of nuclear b-catenin in vg1 cells compared to the
ontrol. Since the vg1 progeny contribute to the specifica-
ion of both ectoderm and endoderm (Logan and McClay,
997) as suggested for lithium (Logan et al., 1999), the
ifferences in levels provoked by anti-Bep4 Fabs treatment
re sufficient to drive cells along different developmental
athways and consequently determine different fates.
oreover, this is in agreement with the change in the
ormal spatial localization of the HE, a marker of the
resumptive ectoderm territory. Thus, Bep4, as suggested
efore, during the development might affect the ATF activi-
ies and positively regulate the expression of the HE and
robably of other VEB genes.
Moreover, after anti-Bep4 Fabs treatment, changes in
istribution of junctional Bep4 and b-catenin were ob-
erved. The diminished Bep4 from the adherens junctions
uggests that perturbation in cadherin-Bep4 association has
ccurred, causing a change in cell adhesion. This change
ight be transmitted by cadherin, producing the release of
Copyright © 2001 by Academic Press. All rightb-catenin by the cadherin complex at the membrane and
increasing the level of free b-catenin and consequently its
ignaling activity. Moreover, based on these results, we
ight hypothesize that the low level of Bep4 in the adher-
ns junctions of the small and large micromeres at the
eventh cleavage might produce a change in cadherin–b-
catenin interaction and this promotes the high level of
b-catenin into the nuclei (Figs. 8A and 8B).
The data reported here suggest a speculative model
whereby Bep4 associated with cadherin regulates cadherin-
adhesive activities in the adherens junctions. This associa-
tion in the animal cells promotes cadherin–b-catenin com-
plex formation, which helps to keep it out of animal nuclei.
Anti-Bep4 Fabs probably antagonize Bep4–cadherin and
cadherin–cadherin association, increase the level of
b-catenin in the cytoplasm and its interaction with down-
stream effectors and translocation to the nuclei (Fig. 9).
However, our results indicate that Bep4 forms a complex
with cadherin and that this complex is essential for adher-
ens junctions function. Although the data reported here
suggest that this might be the function of Bep4 during AV
axis patterning, further studies are necessary in order to
confirm this hypothesis.
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